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Abstract
Background: Gonarthrosis is the most common form of osteoarthritis and it is included in the group of
civilization diseases. Searching for the optimal treatment of this disease is still ongoing. Physical
treatment methods play an important role. The aim of the study was to evaluate the effectiveness of laser
therapy and cryotherapy in the treatment of the symptoms of degenerative changes in the knee joint.
Material and methods: The study involved 40 patients diagnosed with osteoarthritis of the knee. The
patients were divided into two groups. Group I (n = 20) were patients who used low-level laser therapy
(LLLT). Group II (n = 20) were patients who used cryotherapy. Before and after surgery, all patients were
examined in the following areas: assessment of pain using the VAS (Visual-Analogue Scale); Pain
assessment questionnaire modified by Laitinen; Sit-up test; measurement of circumference of knee joints.
Statistical analyses were performed using Statistica 12.5. Results: The study has demonstrated a
statistically significant improvement in the reduction of pain, a reduction in the swelling of knee joints and
an improvement in the functionality of patients in both groups, with no statistically significant differences
between the groups. Conclusions: Both low level laser therapy and cryotherapy proved to be effective
treatments for the symptoms of osteoarthritis of the knee. There were no statistically significant
differences in the efficacy of low level laser therapy and cryotherapy.
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abstract
Background

		
		
		

Gonarthrosis is the most common form of osteoarthritis and it is included in the group of civilization diseases. Searching for the optimal treatment of this disease is still ongoing.
Physical treatment methods play an important role. The aim of the study was to evaluate
the effectiveness of laser therapy and cryotherapy in the treatment of the symptoms of
degenerative changes in the knee joint.

Material/Methods	
The study involved 40 patients diagnosed with osteoarthritis of the knee. The patients were

divided into two groups. Group I (n = 20) were patients who used low-level laser therapy
(LLLT). Group II (n = 20) were patients who used cryotherapy. Before and after surgery, all
patients were examined in the following areas: assessment of pain using the VAS (Visual-Analogue Scale); Pain assessment questionnaire modified by Laitinen; Sit-up test; measurement of circumference of knee joints. Statistical analyses were performed using Statistica
12.5.

Results

 he study has demonstrated a statistically significant improvement in the reduction of
T
pain, a reduction in the swelling of knee joints and an improvement in the functionality of
patients in both groups, with no statistically significant differences between the groups.

Conclusions 	
Both low level laser therapy and cryotherapy proved to be effective treatments for the

symptoms of osteoarthritis of the knee. There were no statistically significant differences
in the efficacy of low level laser therapy and cryotherapy.
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introduction 

Gonarthrosis is the most common form of osteoarthritis and it is included in
the group of civilization diseases. The World Health Organization and the United Nations announced the period between 2000 and 2010 as the Bone and
Joint Decade. Before the end of 2009, the Bone and Joint Decade was extended until 2020 [1]. On the basis of epidemiological data it can be assumed
that the problem of osteoarthritis in Poland affects several million people, a
quarter being related to the knee joints. Pain is the main reason that forces
a patient with osteoarthritis to visit a doctor [2]. The pathogenesis of pain
in osteoarthritis is multifactorial. The degenerative process begins in the articular cartilage, which is not innervated and therefore it is not a source of
pain. The pain starts in the periarticular tissue (trailer tendons and muscles
located near the surface of the joint, the joint capsule, ligaments), and with
microfractures in the subchondral bone layer, the inflammation of the synovium, the increased intra-articular pressure caused by the accumulation of
articular effusion [3, 4].
Analgesic, anti-inflammatory, and anti-oedema treatment is very important
for patients with the locomotor system diseases, as it allows them to function
with reduced dosage of analgesic drugs, to increase their mobility, and thereby to improve their quality of life. Searching for the optimal treatment of this
disease is still ongoing. Physical treatment methods play an important role.
This study aims at two of them: low level laser therapy and cryotherapy.
The analgesic effect of laser therapy results from the stimulation of metabolic processes in mitochondria (energy metabolism through ATP), increased
blood and lymph flow in vessels, increased production of endorphins, inhibition of the release of inflammatory mediators, the reduction of swelling, the
increase in activation of the descending antinociceptive system and primary
nerve endings hyperpolarization [5-9].
The mechanism of cryotherapy treatment is complex. In the first phase there
is a contraction of blood vessels, then their expansions by even four times,
which appears about four minutes after the procedure and it may persist for
more than two hours. Increased blood supply to tissues causes higher oxygen
concentration in the muscles, which in turn reduced lactate and histamine
concentration, increases the level of bradykinin and angiotensin, and thus reduces pain. The analgesic effect of cryotherapy is also associated with increased levels of endorphins, the reduction of the nociceptive nerve conduction
routes, especially myelinless C-fibres [10].
In view of the above, the aim of the study was to evaluate the effectiveness of
laser therapy and cryotherapy in the treatment of symptoms of degenerative
changes in the knee joint.

material and methods 

The study was conducted at the Municipal Specialist Clinic in Torun (Poland).
The study involved 40 patients diagnosed with osteoarthritis of the knee. All
patients gave informed consent for the research. Based on physician in charge
patients were assigned to two groups. Group I (n = 20): 14 women and 6 men,
aged 53–76 years (mean age 62.5 years), who were treated with low level laser
www.balticsportscience.com
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therapy (LLLT). The laser wave length used for the therapy was 820 nm, the
amount of energy delivered to the tissue was in the range of 5–10 J/cm2, the
number of treatments – 10, contact method (6 points, in the slit joint). Group
II (n = 20): 16 women and 4 men, aged 46–75 years (mean age 62.1 years),
who were treated with cryotherapy (liquid nitrogen). Treatment time: 1–3 minutes (depending on the sensitivity of the patient), the number of treatments
– 10. Before and after the treatment, all patients were examined in terms of:
• the assessment of pain with the use VAS (the visual-analogue scale);
• the assessment of pain with the use of modified Laitinen’s questionnaire of
pain indicators;
• sit-ups test; 
• measurement of knee joints circumference.
Statistical analysis was performed with a use of Statistica 12.5. Distribution
of variables was tested using the Shapiro-Wilk test. The distribution of variables does not meet the assumptions of normal distribution, hence the use
of nonparametric tests. In order to compare the test results obtained before
and after the treatment in group I (n = 20) and group II (n = 20), the Wilcoxon test with significance level α = 0.05 was used. In order to compare the
test results obtained before and after treatment in group I and group II, the
U Mann-Whitney test with significance level α = 0.05 was used.

results



The comparison of results of the variables before and after the treatment is
shown in Table 1 (before) and Table 2 (after).

Table 1. The values of Z test statistics and p-value obtained in the U Mann-Whitney test at
the significance level α = 0.05 for the comparison of the analysed variables before treatment in Group I and Group II

Variable

U Mann-Whitney’s test
Z statistics

p value

VAS before treatment

-1.44338

0.148916

Laitinen’s questionnaire – pain intensity before treatment

-1.81221

0.069955

Laitinen’s questionnaire – pain frequency before treatment

-0.755929

0.449692

Laitinen’s questionnaire – analgesic drugs usage before treatment

-1.03280

0.301700

0.00

1.00000

Sit-ups test before treatment

-0.394771

0.693012

Knee joint circumference before treatment

1.443376

0.148916

Laitinen’s questionnaire – physical activity restrictions before treatment
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Table 2. The values of Z test statistics and p-value obtained in the U Mann-Whitney test at
the significance level α = 0.05 for the comparison of the analysed variables after treatment
in Group I and Group II

U Mann-Whitney’s test
Variable

Z statistics

p value

VAS before treatment

0.509525

0.610385

Laitinen’s questionnaire – pain intensity after treatment

-1.06066

0.288845

Laitinen’s questionnaire – pain frequency after treatment

0.00

1.000000

Laitinen’s questionnaire – analgesic drugs usage after treatment

0.00

1.000000

Laitinen’s questionnaire – physical activity restrictions after treatment

0.990536

0.321913

Sit-ups test after treatment

0.707107

0.479501

Knee joint circumference after treatment

1.590990

0.111613

Comparing p-values based on Z statistics at the level of significance α = 0.05,
it was found that there was no statistically significant difference in the results
obtained before and after treatment both in Group I and in Group II with regard to: pain level measured in VAS, pain intensity and frequency, analgesic
drugs used to relieve the pain and physical activity restrictions evaluated by
Laitinen’s questionnaire, as well as in the sit-ups test results and knee joints
circumferenece measurement.
In order to compare the results obtained in the tests before and after treatment in Group I, the Wilcoxon test with significance level α = 0.05 was used.
The results are shown in Table 3.
Table 3. The values of the test statistics Z and p-value obtained in the Wilcoxon test at significance level α = 0.05 in Group I

x

Q1

Q3

Min

Max

7.50

6.75

5.00

8.50

3

10

after

4.00

2.70

0.00

5.00

0

6

Laitinen’s questionnaire – pain
intensity

before

2.00

2.30

1.00

3.00

1

4

after

1.00

1.15

0.50

2.00

0

3

Laitinen’s questionnaire – pain
frequency

before

2.00

2.20

1.00

3.00

1

4

after

1.00

1.20

0.00

2.00

0

4

before

1.00

0.65

0.00

1.00

0

2

after

0.00

0.35

0.00

1.00

0

1

before

1.00

1.50

1.00

2.00

0

4

after
before
after
before
after

0.50
0.00
2.50
40.00
40.00

0.75
2.05
3.20
40.00
39.40

0.00
0.00
0.00
37.50
37.00

1.50
4.00
5.00
43.00
41.50

0
0
0
33
33

2
10
10
46
46

VAS

Laitinen’s questionnaire – physical activity restrictions
Laitinen’s questionnaire – use of
analgesic drugs
Sit-up test
Knee joint circuits

Med
before

Wilcoxon’s test
Z statistics

p value

3.919930

0.000089*

3.823007

0.000132*

3.407771

0.000655*

2.201398

0.027709*

3.059412

0.002218*

2.665570

0.007686*

2.201398

0.027709*

*p<0.05

Me – median; x – mean average; Q1 – first quartile; Q3 – third quartile; Min – minimum; Max – maximum;
p – probability value
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A comparison of results obtained by patients after treatment with the low level laser to the results obtained before treatment shows that at a significance
level α = 0.05 there are statistically significant (p < 0.05) differences in the
results of all tests performed.
In order to compare the results obtained in the tests before and after treatment in Group II the Wilcoxon test with significance level α = 0.05 was used.
The results are shown in Table 4.
Table 4. The value of the test statistics Z and p-value obtained in the Wilcoxon test at the
significance level α = 0.05 in Group II

Me

x

Q1

Q3

Min

Max

before

7.00

6.90

5.00

9.00

0

10

after

3.00

2.25

0.00

3.50

0

5

Laitinen’s questionnaire – pain
intensity

before

2.50

2.40

1.00

3.00

1

4

after

1.00

0.65

0.00

1.00

0

2

Laitinen’s questionnaire – pain
frequency

before

2.50

2.55

2.00

3.00

1

4

after

0.00

0.90

0.00

1.50

0

4

before

1.00

1.20

1.00

1.00

0

3

after

1.00

0.90

0.00

1.00

0

3

before

1.00

1.20

0.00

2.00

0

3

after

0.00

0.65

0.00

1.00

0

3

before
after
before
after

0.00
5.50
37.00
37.00

2.20
4.95
37.55
36.75

0.00
3.00
33.00
32.00

4.40
7.00
41.00
42.00

0
0
31
33

10
10
46
44

VAS

Laitinen’s
questionnaire –
physical activity
restrictions
Laitinen’s questionnaire – use of
analgesic drugs.
Sit-ups test
Knee joint circuits

Wilcoxon’s test
Z statistics

p value

3.583936

0.000339*

3.823007

0.000132*

3.823007

0.000132*

2.022600

0.043115*

2.665570

0.007686*

3.295765

0.000982*

2.520504

0.011719*

*p<0.05

Me – median ; x – mean average; Q1 – first quartile; Q3 – third quartile; Min – minimum; Max – maximum;
p – probability value

A comparison of results obtained by patients after treatment with cryotherapy to the results obtained before treatment shows that at a significance level
α = 0.05 are statistically significant (p < 0.05) the difference in the results of
all tests performed.

discussion



Assessment the effectiveness of LLLT and cryotherapy in the treatment of gonarthrosis has been examined by many authors. Nakamura et al. [11] applied
laser treatment to 35 patients with chronic knee joint pain. They received low
level laser therapy (830 nm, 1000 mW, 20.1 J/cm2, four points were irradiated per session twice a week for 4 weeks). The visual analogue scale (VAS)
was used to determine the effects of LLLT for chronic pain, and after the end
of the treatment regimen significant improvement was observed (p < 0.001).
After treatment, no significant differences were observed in the knee joint
range of motion.
Ammar [12] compared the effect of monochromatic infrared photo energy
(MIPE) and LLLT in improving pain and function in knee osteoarthritis (KO).
www.balticsportscience.com
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Sixty participants with KO completed the program and were randomly assigned into two groups. Group 1 (experimental, n = 30) received MIPE and
exercises. Group 2 (control, n = 30) received LLLT and exercises. Both groups
received two sessions per week for six weeks. The outcome included pain
intensity measured on the visual analogue scale, and the physical function
was measured with the lower extremity functional scale, before and after 12
therapy sessions (6 weeks after the start of the intervention). There were
statistically significant improvements in pain intensity and lower extremity
functional scale stores (p < 0.005) in each group. However, no significant differences were recorded between the groups (p < 0.005).
Kheshie et al. [13] compared the effects of LLLT and high-intensity laser therapy (HILT) on pain relief and functional improvement in patients with gonarthrosis. 53 male patients participated in this study. Patients were randomly
assigned into three groups and treated with HILT and exercise (HILT + EX),
LLLT and exercise (LLLT + EX), and placebo laser plus exercise (PL + EX) in
groups 1, 2, and 3, respectively. The pain level was measured by the visual
analogue scale (VAS) and the knee function was measured by the Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC). The result
showed that HILT and LLLT combined with exercise were effective treatment
modalities in decreasing the VAS and WOMAC scores after 6 weeks of treatment. HILT combined with exercises was more effective than LLLT combined
with exercises, and both treatment modalities were better than exercises alone in the treatment of patients with gonarthrosis.
Al Rashoud et al. [14] conducted a randomised, double-blind, comparative
clinical trial. Forty-nine patients with knee osteoarthritis were assigned at
random into two groups: an active laser group (n=26) and a placebo laser
group (n=23). Using a gallium aluminium arsenide laser device, patients received either active or placebo LLLT at five acupuncture points on the affected
knee during nine sessions. Patients were assessed using the visual analogue
scale (VAS) and the Saudi Knee Function Scale (SKFS) at baseline, the fifth
treatment session, the last treatment session, 6 weeks post intervention and
6 months post intervention. VAS scores showed a significant improvement in
the active laser group compared with the placebo laser group at 6 weeks post
intervention and 6 months post intervention using the independent samples
test. SKFS scores also showed a significant improvement in the active laser
group compared with the placebo laser group at the last treatment session
and 6 months post intervention.
Alghadir et al. [15] conducted a study whose aim was to investigate the effect
of LLLT on pain relief and functional performance in patients with chronic knee
osteoarthritis (OA). Forty patients with knee OA were randomly assigned into
an active laser group (n = 20) and a placebo laser group (n = 20). The LLLT
device used was a Ga-As diode laser (50 mW, 850 nm, and a diameter beam
of 1 mm). Eight points were irradiated and received dosage of 6 J/point, 48
J/cm2 in each session. The placebo group was identical but treated without
emission of energy. LLLT was applied two times per week over the period of
4 weeks. Outcome measurements included pain intensity at rest and at movement on the visual analogue scale, knee function used the Western Ontario
McMaster Universities Osteoarthritis Index scale, and ambulation duration.
These measurements were collected at baseline and post-intervention. The
www.balticsportscience.com
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results showed significant improvements in all assessment parameters in
both groups compared to the baseline. The active laser group showed significant differences in pain intensity at rest and movement, the knee function,
and ambulation duration when compared with the placebo group. Therefore,
LLLT seemed to be an effective modality for short-term pain relief and function improvement in patients with chronic knee OA.
There are also studies that do not confirm the effectiveness of LLLT in the treatment of knee osteoarthritis. Huang et al. [16] performed a systematic review
of randomized controlled trials in MEDLINE, EMBASE, ISI Web of Science,
and the Cochrane Library on the efficacy of LLLT in the treatment of degenerative knee osteoarthritis (KOA). Databases were systematically searched
from January 2000 to November 2014. Of 612 studies, nine studies (seven
double-blind, two single-blind, totalling 518 patients) met the criteria for inclusion. Based on seven studies, the visual analogue scale (VAS) pain score
right after therapy (within 2 weeks after the therapy) was not significantly
different between LLLT and control. No significant difference was identified
in studies conforming to the World Association of Laser Therapy (WALT) recommendations (four studies) or on the basis of osteoarthritis severity. There
was no significant difference in the delayed response (12 weeks after the end
of therapy) between LLLT and control in VAS pain (five studies). Similarly, there was no evidence of LLLT effectiveness based on the Western Ontario and
McMaster Universities Arthritis Index (WOMAC) pain, stiffness or function
outcomes (five and three studies had outcome data right after and 12 weeks
after therapy, respectively).
Kopacz et al. [17] evaluated the effect of local cryotherapy treatment on the
range of motion in the knee joint in patients with osteoarthritis. In addition,
they analysed potential changes in symptoms of pain among the patients. The
study group consisted of 50 patients (39 women and 11 men) and was homogeneous in terms of disease. Patients were subjected to 10 daily treatments of
local cryotherapy on the area of the knee. Before cryotherapy, patients were
examined anthropometrically, and the BMI was calculated. An interview was
collected regarding coexisting diseases, and pain was examined according
to VAS. The range of motion was measured in all patients in the knee joint
using a goniometer before and after treatment. In all patients who underwent
a series of treatments there was a considerable improvement in flexion and
extension of the knee. Considering the analysis of pain assessed by VAS, in
all patients a significant reduction in the value indicated by the respondents
on the scale after the series of treatments was demonstrated.
In other studies the effectiveness of cryogymnastics on the functional efficiency, the quality of life and pain perception among patients with gonarthrosis
was evaluated. The study involved a group of 50 people diagnosed with gonarthrosis. Patients were tested twice. The first examination was conducted
before the therapy, the second examination was conducted after 10 cryotherapy treatments. To assess the results of cryogymnastics, goniometric measurement was taken, along with the WOMAC questionnaire and functional test
Up & Go. They found that the applied local cryotherapy and exercise in the
studied group was effective in increasing the joint range of motion, improving
the quality of life and patients’ functional efficiency [18].
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In study of Fidut-Wrońska et al. [19], 50 patients with gonarthrosis were treated by means of local cryotherapy and other physical therapy methods. The
control group included 38 matched patients with gonarthrosis, treated with
the same physical therapy methods, but without cryotherapy. Evaluation methods were based on the authors’ tailored questionnaire, the VAS scale and the
WOMAC questionnaire. The physical examination consisted of the measurements of body height and weight, the range of motion (ROM) in the knee joints
and the knee circumference and a series of functional tests. The results indicate that ROM of the knee joints increased by 11.3° in the study group and
by 3.1° in the control group. The circumference was reduced by 1.1 cm in
the study group and by 0.4 cm in the control group. The value of the WOMAC
index was diminished by 17.3% in the study group and by 11.9% in the control group. After the treatment, the study group covered 8.7 stairs more while
ascending and 9.2 more while descending whereas the control group covered
3.9 and 4.3 stairs respectively. Similarly, after the treatment patients from
the study group did 5.5 squats more compared to 1.7 squats performed by
the control group subjects.
The results of this study showed that both the laser and cryotherapy proved to
be effective treatment for the symptoms of degenerative changes in the knee
joints. An analysis of the test results before treatment between the two groups
showed no statistically significant differences, reflecting the homogeneity of
groups. Both therapies have proven effective in reducing pain and swelling
of the knee joint and in improving the functionality of patients.

conclusions



Both low level laser therapy and cryotherapy proved to be effective treatment
for the symptoms of osteoarthritis of the knee.
There were no statistically significant differences in the efficacy of low level
laser therapy and cryotherapy.
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